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Abstract: Background: Aspergillus flavus is known for its capability of production of aflatoxins in food 
grains in the tropics. It was also recently demonstrated as capable of production of α-amylase in a defined 
medium with potassium nitrate and some other nitrogen compounds as nitrogen source for fungal 
growth and development (Adejuwon et al., 2015, Advances in Bioscience and Bioengineering).  Materials and 
methods: In this current investigation a same defined growth medium with potassium nitrate as nitrogen 
source was inoculated with spore suspensions of approximately 7x105 spores per ml of Aspergillus flavus. 
The carbon source for growth was varied and was independently bread, starch, maltose, sucrose, lactose, 
glucose and galactose. Incubation was at 30oC. Extracellular proteins produced in medium was 
monitored daily and analysed for α-amylase activity. Results: The proteins produced by Aspergillus flavus 
in the inoculated medium exhibited α-amylase activity. All the carbon compounds used in the 
investigation supported α-amylase expression in the fungus however, starch and maltose were the most 
supportive with optimum activity expressed as 417 and 364 units/mg protein respectively on the 5th day 
of incubation. Slight delayed expressions were with bread, starch, maltose, lactose, glucose and galactose.  
Conclusion: All the carbon compounds used in this investigation will support industrial production of α-
amylase by Aspergillus flavus with starch and maltose being most supportive when potassium nitrate is 
used as a source of nitrogen for growth and development at 30oC. However, Aspergillus flavus poses a 
danger as a potential biomarker in bioterrorism.        
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1. Introduction 
     Aspergillus flavus can be divided into S and L strains on the basis of sclerotial 
morphology (Garber and Cotty, 1997) with the S strain being highly toxigenic (Orum et 
al., 1999). Apart from the production of toxins, Aspergillus flavus is capable of production 
of extracellular enzymes including amylases and induction of some other enzymes on 
suitable growth substrates (Pandey, 2000). Infact, beta-1,3-glucanase activity in peanut 
seeds is induced by Aspergillus flavus during growth (Liang et al., 2005). β-Amylase from 
Aspergillus flavus may play a role in the degradation of starch components of yam 
during infection (Adejuwon, 2011).  
      In this present investigation, a defined medium with potassium nitrate as nitrogen 
source of growth was inoculated with spore suspension of a tropical strain of Aspergillus 
flavus. This was with a view to understanding the varying effects of different carbon 
compounds necessary for growth on the production of α-amylase by the fungus.   
 
2. Materials and Methods 
2.1 Isolate Source and Identification 
     The isolate, Aspergillus flavus (IFE 06) for this research investigation was isolated 
from mouldy bread by Professor Patrick O. Olutiola formerly of the Department of 
Microbiology, Obafemi Awolowo University, Ile-Ife, Nigeria. The isolate was identified 
at the Seed Health Unit of the International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria using Mycological techniques contained in the illustrated Handbook of 
Fungi (Cannon and Kirk, 2007). 
 
2.2 Culture Conditions and Inoculum 
     The isolate Aspergillus flavus (IFE 06) was cultured and maintained on Potato 
Dextrose agar slants and plates. The fungus was subcultured into test tubes of the same 
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medium and incubated at 30oC. Ninety-six-hr-old culture was used in this investigation. 
According to the modified method of Olutiola and Ayres (1973), culture was grown in a 
defined medium composed: MgSO4.7H20 (0.1 g), K2HPO4 (2 g), KH2PO4 (0.5 g), L-
cysteine (0.1 g), biotin (0.005 mg), thiamine (0.005 mg) and FeSO4.7H20 (1 mg) with 
potassium nitrate as nitrogen source (9.9 g) and a carbon (10 g) source (Sigma) in 1 litre 
of distilled water. The carbon source used was varied and was independently starch, 
maltose, sucrose, lactose, glucose or galactose. Conical flasks (250 ml) containing 100 ml 
growth medium were inoculated with 1 ml of an aqueous spore suspension containing 
approximately 7x105 spores per ml of isolate. The spores were counted in Neubauer 
counting chamber (Adejuwon, 2011). Experimental and control flasks were incubated 
without shaking at 300C (Adejuwon, 2015). 
 
2.2.1 Bread as a source of carbon   
         Freshly baked loaves of bread were bought at the bakery of the Department of 
Food Science and Technology, Obafemi Awolowo University, Ile-Ife, Nigeria. The bread 
loaf was soaked in distilled water (1% w/v), mercerated with a homogenizer and 
autoclaved at 15 psi (121oC) for 15 minutes. One hundred millilitre of the bread medium 
in conical flasks (250 ml) was inoculated with 1 ml of aqueous spore suspension 
containing approximately 7x105 spores per ml of isolate. Incubation was at 30oC. 
 
2.3 Enzyme Extraction 
        Daily, the contents of each flask were filtered with glass fibre filter paper 
(Whatman GF/A). The protein content of the filtrates was determined (Lowry et al., 
1951).  The filtrates were assayed for α-amylase activity (Pfueller and Elliott, 1969). The 
dry weight of mycelia was also determined. 
    
Advances in Bioscience and Bioengineering                                                 23 
2.3.1 α-Amylase assay 
        α-Amylase activity was determined in this investigation using the method of 
Pfueller and Elliott (1969). The reaction mixtures were 2 ml of 0.2% (w/v) starch in 0.2 M 
citrate phosphate buffer, pH 6.0 as substrate and 0.5 ml of enzyme. Controls consisted 
only 2 ml of the prepared substrate. Experimental and control tubes were incubated at 
35oC for 30 min. The reaction in each tube was terminated with 3 ml 1 N HCl. 0.5 ml 
enzyme was then added to controls. 2 ml mixture from each of the experimentals and 
controls was transferred into new sets of test tubes. 3 ml 0.1 N HCl was added after 
which 0.1 ml of iodine solution was added to develop color. Optical density readings 
were taken at 670 nm. One unit of α-amylase activity was arbitrarily defined as the 
amount of α-amylase which produced 0.1 percent reduction in the intensity of the blue 
colour of starch-iodine complex under conditions of the assay. Specific activity was 
expressed as α-amylase units per mg protein. 
 
2.4 Ammonium Sulphate Fractionation 
       The crude enzymes on day immediate optimum activity were extracted and treated 
with ammonium sulphate (analytical grade) at 40- 90% saturation. Precipitation was 
allowed at 4oC for 24 h. Mixtures were centrifuged at 6,000 g for 30 minutes at 4oC using 
a cold centrifuge (Optima LE-80K Ultracentrifuge, Beckman, USA). The supernatants 
were discarded. The precipitates were reconstituted in 0.02M citrate phosphate buffer, 
pH 6.0. α-Amylase activity was thereafter determined using the method of Pfueller and 
Elliott (1969). Protein content was determined using the Lowry et al. (1951) method. 
 
2.5 Dialysis 
      Using acetylated Visking dialysis tubings (Sigma) (Whitaker et al., 1963) and a 
multiple dialyser, the ammonium sulphate fractionated enzyme preparations were 
dialysed with several changes of 0.02M citrate phosphate buffer, pH 6.0 at 4oC for 18 h. 
24                                                Advances in Bioscience and Bioengineering 
α-Amylase activity was determined based on the method of Pfueller and Elliott (1969). 
Protein content was analyzed using the method of Lowry et al. (1951). The dialysed 
enzymes were stored at 0oC for further investigations. 
 
3. Results  
    Potassium nitrate was nitrogen source in the defined medium used in this present 
study. The results of the investigation are presented in Table 1. All the carbon 
compounds used supported α-amylase production by Aspergillus flavus.       
    When bread was sole carbon and growth source , α-amylase activity expressed by our 
strain of Aspergillus flavus was nil at days one and two of inoculation of medium. 
Activity was expressed at day three and was 11 units/mg protein. Activity increased 
steadily with days of incubation reaching an optimum 81 units/mg protein on the 6th 
and 7th days. Thereafter there was a decline.  
    With starch as carbon source, α-amylase activity was nil at days one and two of 
inoculation of medium. It was expressed as 156 units/mg protein on day three. α-
Amylase activity increased with days of incubation with optimum activity expressed as 
417 units/mg protein on day five after which there was a decline.     
    When maltose was carbon source of growth and development, α-amylase activity 
was nil at day one of inoculation of medium. It was a significant 52 units/mg protein at 
day two. Activity increase reaching an optimum 364 units/mg protein at day five after 
which we observed a steady decline. 
    With sucrose as carbon source, α-amylase activity was 2 units/mg protein at the 1st 
day of inoculation of medium, 3 units/mg protein at the 2nd day and 9 units/mg protein 
at the 3rd day. Activity was 14 units/mg protein on the 4th day, rising to an optimum 135 
units/mg protein on the 7th day and then declining to 93 units/mg protein on the 10th day.   
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    When lactose was carbon source, α-amylase activity was nil at days one and two. It 
was 7 units/mg protein on day three, rising steadily to an optimum 89 units/mg protein 
on day nine. It declined to 81 units/mg protein on day ten.   
    With glucose as carbon source, α-amylase activity was nil at day one but 2 unit/mg 
protein at day two. Activity was 6 units/mg protein at days three, four and five. It rose 
to 21 units/mg protein on day six. An optimum 91 units/mg protein was observed at 
days eight and nine after which there was a decline to 84 units/mg protein on day ten.   
     Using galactose as carbon source, α-amylase activity was nil at the 1st and 2nd days of 
inoculation of medium. Activity was a pronounced 22 units/mg protein on the 3rd day. 
Activity rose with further days of incubation reaching an optimum 66 units/mg protein 
on the 8th day. Activity decline thereafter and was 64 units/mg protein on the 9th and 10th 
days of inoculation of medium. 
 
Table 1:  Effect of carbon source on α-amylase activity produced by Aspergillus flavus 
 
Carbon 
Source 
1 2 3 4 5 6 7 8 9 10  
Bread 0 0 11 19 54 81 81 44 44 43  
Starch 0 0 156 241 417 122 99 99 89 82  
Maltose  0 52 294 310 364 281 184 147 145 106  
Sucrose 2 3 9 14 15 54 135 124 99 93  
Lactose 0 0 7 8 16 40 65 66 89 81  
Glucose  0 2 6 6 6 21 83 91 91 84  
Galactose 0 0 22 35 35 49 57 66 64 64  
The measurements were the specific activity of α-amylase and the values were in 
units/mg protein 
Days  
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4. Discussion 
Starch and maltose were most supportive to α-amylase production by Aspergillus 
flavus with optimum activity expressed as 417 and 364 units/mg protein respectively on 
the 5th day of inoculation of the defined at 30oC. Slight delayed expressions were with 
bread, starch, maltose, lactose, glucose and galactose. There might have been catabolic 
repression in the disaccharides lactose and galactose. However, similar delayed α-
amylase expressions were observed with bread, starch, maltose and glucose but with 
significant expressions at the seeming start of production with bread, starch and 
maltose. Morkeberg et al. (1995) reported the induction by maltose and repression by 
glucose of α-amylase production on batch and continuous culture of Aspergillus oryzae. 
A pronounced repression in α-amylase expression has been similarly observed with 
galactose as carbon source for growth of a tropical strain Aspergillus niger (Adejuwon et 
al., 2015). Conclusively, the carbon compounds starch and maltose will most support 
highly active α-amylase by Aspergillus flavus with potassium nitrate as nitrogen source 
of our growth at 30oC. These facts are significant and of industrial production value. 
Still Aspergillus flavus poses a danger as an aflatoxin producer and a subject as a 
potential biomarker in bioterrorism. 
 
Acknowledgements: 
    The authors are grateful to the British Mycological Society (BMS), United Kingdom 
for financial support. Dr. A.O. Adejuwon was recipient of the 2006 and 2007 British 
Mycological Society (BMS), United Kingdom Small Grant Awards.  
Advances in Bioscience and Bioengineering                                                 27 
References 
[1] Adejuwon, A.O., 2011. β-Amylase associated with the green mould rot of Dioscorea rotunda. Insight 
Biochemistry 1(1): 1-4. 
[2] Adejuwon, A.O., 2011. Nutritional factors affecting the production of α-amylase by Lasiodiplodia 
theobromae Pat. Biotechnology, Bioinformatics and Bioengineering 1(1): 131-135. 
[3] Adejuwon, A.O., 2015. The effect of carbon source of growth on α-amylase production by a tropical 
isolate Penicillium rubrum. Report and Opinion 7(8): 7-9. 
[4] Adejuwon, A.O., A.O. Oluduro, F.K. Agboola, A.A. Ajayi, P.O. Olutiola, B.A. Burkhardt, M.J. 
Robbiani and S.J. Segal, 2015. Expression of α-amylase by a tropical strain of Aspergillus niger: Effect 
of carbon source of growth. Nature and Science 13(8): 66-69.  
[5] Adejuwon, A.O., A.O. Oluduro, F.K. Agboola and P.O. Olutiola, 2015. Expression of α-amylase by 
Aspergillus flavus in medium: Effect of nitrogen source of growth. Advances in Bioscience and 
Bioengineering (In Press). 
[6] Cannon, P.F. and Kirk, P.M. (2007). Fungal Families of the World. CAB International Publishing, 
Wallingford, Oxfordshire. 456pp. 
[7] Garber, R.K. and P.J. Cotty, 1997. Formation of sclerotia and aflatoxins in developing cotton balls 
infected by the S strain of Aspergillus flavus and potential for biocontrol with an atoxigenic strain. 
Phytopathology 87: 940-945.   
[8] Liang, X.Q., C.C. Holbrook, R.E. Lynch and B.Z. Guo, 2005. Beta-1,3-glucanase activity in peanut 
seed (Arachis hypogaea) is induced by inoculation with Aspergillus flavus and copurifies with a 
conglutin-like protein. Phytopathology 95: 506-511. 
[9] Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951. Protein measurement with the folin 
phenol reagent. Journal of Biological Chemistry 193:265-275. 
[10] Morkeberg, R., M. Carlsen, J. Nielsen, 1995. Induction and repression of alpha-amylase production in 
batch and continuous cultures of Aspergillus oryzae. Microbiology 141(10): 2449-2454. 
[11] Olutiola, P.O. and P.G. Ayres, 1973. Utilization of carbohydrates by Rhynchosporium secalis.I. Growth 
and sporulation on glucose, galactose and galacturonic acid. Physiologia Plantarum 29: 92-96. 
[12] Orum, T.V., D.M. Bigelow, P.J. Cotty and M.R. Nelson, 1999. Using predictions based on geostatics to 
28                                                Advances in Bioscience and Bioengineering 
monitor trends in Aspergillus flavus strain composition. Phytopathology 89: 761-769.  
[13] Pandey, A., P. Nigman, C.R. Soccol, V.T. Soccol, D. Singh and R. Mohan, 2000. Advances in microbial 
amylase. Biotechnology and Applied Biochemistry 31(2): 135-152. 
[14] Pfueller, S.L. and W.H. Elliott, 1969. The extracellular α-amylase of Bacillus stearothemophilus. Journal 
of Biological Chemistry 244: 48-54. 
[15] Whitaker, D.R., K.R. Hanson and P.K. Datta, 1963. Improved procedure for purification and 
characterization of Myrothecium cellulase. Canadian Journal of Microbiology and Physiology 41: 671-696. 
 
